In order to evaluate the prevalence of childhood asthma, allergic diseases and pneumonia in Urumqi City, China, as well as its associations with housing and home characteristics, a cross-sectional study was performed in 4618 children (81.7% response rate, average age 4.7±0.9 year, boys accounting for 53.7%). Questions on children's asthma and allergic diseases were from the International Study on Asthma and Allergies in Childhood (ISAAC) and were integrated with questions on the home environment from the Dampness in Buildings and Health (DBH) study, slightly modified to account for Chinese building characteristics and life habits. The prevalences of physician diagnosed asthma, allergic rhinitis (AR) and pneumonia were 3.6%, 8.7% and 40.9%, respectively. One fourth of children reported wheezing and more than 40% AR symptoms in the last 12 months. Controlling for confounding factors, positive associations were found for home mold/dampness and wheezing (adjusted odds ratio, aOR 1.33, 95% CI 1.071.66), AR symptoms (1.34, 1.091.64) last 12 months and physician diagnosed pneumonia (1.33, 1.091.62). Floor material by wood, PVC or carpeting; and walls by wallpaper, painting or wood material, were positively associated with AR symptoms. Home environmental tobacco smoke (ETS) was positively associated with wheezing (1.23, 1.041.46) and pneumonia (1.25, 1.071.45). In conclusion, there was a relatively high prevalence of asthmatic and AR symptoms and diagnosed pneumonia in preschool children in Urumqi. Home signs of mold growth or dampness, windowpane condensation, as well as ETS and interior surface materials emitting chemicals were risk factors for allergic symptoms and pneumonia. childhood, dampness, indoor air quality, prevalence, environmental tobacco smoking
With the prevalence of childhood asthma and allergic diseases increasing worldwide over the past decades, it is widely accepted that environmental factors, in addition to genetics, are closely related with allergic diseases. Concurrent with China's rapid economic growth and social development, there has been a great increase of childhood asthma and allergic diseases [1, 2] . Most studies of asthma and allergy in China have been performed in the east or middle part, with few studies from the northwest, an area relatively less economically developed and with more severe geographical and climate conditions.
The Urumqi city (86°37′33′′88 o 58′24′′E, 42°45′32′′ 44°08′00′′N), capital of Xinjiang Uygur Autonomous Region of China, is located in northwest China. Situated on the northern piedmont plains of the Tianshan Mountains at about 800 m above sea level, Urumqi has a permanent residential population of over 2.5 million which is steadily increasing. In the past decade, Urumqi has undergone rapid economic development with an average 10.3% increase of Gross Domestic Product (GDP) per year in 20012010. Fossil fuel is the major energy source supporting the economic development with coal energy accounting for 65.9% in 2009, followed by crude oil at 16.9% in 2009 [3] . In 1998, the city was evaluated as one of the 10 heaviest air-polluted cities over the world [4] . It has been reported that the mean annual (20012006) concentrations for PM 10 was ranging from 150 to 240 μg/m 3 , NO 2 from 31 to 50 μg/m 3 , and SO 2 from 49 to 160 μg/m 3 [5] . National surveys in 1990 and 2000 on the prevalence of diagnosed asthma in Chinese children aged 014 years old found the prevalence of asthma in Urumqi was 0.4% and 0.61%, respectively [2] . A survey using the International Study on Asthma and Allergies in Childhood (ISAAC) questionnaire, found that the prevalence of Allergic Rhinitis (AR) increased from 14.5% in 1992 to 18 .9% in 2002 in 1314 years children [6] . However, little has been reported on the prevalence of asthma or allergic diseases in younger children. Given the high rate of economic development, people's lives, including housing characteristics and aspects of indoor environment are expected to change from a traditional style towards a more modern and westernized style.
The aims of this study are firstly, to quantify the prevalence of asthma, AR and eczema in preschool children in Urumqi City and secondly, to evaluate associations between children's asthma, allergic diseases and symptoms and housing characteristics and the indoor environment.
Methods and materials

Subjects
Using a cross-sectional study design, children were selected by a stratified random cluster sampling method in day care centers in Urumqi. Stratified by 7 administrative areas in Urumqi (including Xinshi, Tianshan, Toutunhe, Sayibak, Midong, Shuimogou and Urumqi county), 2 to 4 day care centers in each administrative area were randomly selected. All children in each day care center were invited to participate the questionnaire survey. A total of 5650 children in 18 day care centers received the questionnaire. The ethnic distribution of responders was primarily Han, with less Minority people, mainly composed of the Uygurs ethnic people, Kazaks people and other unnamed minorities people, accounting for around 17.4%. The survey was performed in the winter season in 2011.
Questionnaire
The questionnaire survey was performed in day care centers.
All directors of day care centers who were asked agreed to participate. The questionnaires were distributed by teachers in each class to all students. Parents or legal guardian responded to the questionnaires, and the teachers collected completed questionnaires from the children.
The questionnaire, used in this study-China, Children, Homes, Health (CCHH), are basically the same used in studies previously in Sweden [7] , Bulgaria [8], Singapore [9], USA [10] , and in ongoing studies in Taiwan, China, [11], South Korea, and Denmark. It includes several sets of questions. The first set of questions was about children's demographics, family and personal life factors, including children's date of birth, gender, nationality, breastfeeding, mother's of father's allergic diseases (genetics). The second set of questions was about the housing characteristics and the home environment. Part of the questionnaire was modified to reflect what differs in China from previously studied in western countries. The third set of questions was on children's asthma and allergic diseases including AR and eczema, as well as pneumonia.
Questions on genetic factors addressed parental allergic disease history, namely father's or mother's reported asthma, AR and eczema. Questions on housing characteristics (Table 1) included the home's location in urban or suburban/rural areas; dwelling type; surrounding area; proximity to traffic, industry or commercial area; dwelling size; construction year and ownership. Questions on home interior characteristics included nature of floor and wall materials, heating system and cooking fuel. The final set of questions was about mold growth or signs of dampness in children's sleeping room; windowpane condensation in winter season and home environmental tobacco smoke (home ETS) and pet-keeping at home. ETS refers to smoking by any person who lives with the child. Questions on children's asthma or related allergic diseases were from the ISAAC core questionnaire. The health problems of interest in this study were physician diagnosed asthma, AR and eczema and their related symptoms in the last 12 months, and diagnosed pneumonia. The ISAAC questionnaire has been previously used for Chinese children [1214] and validated by clinical investigation [15] .
Data analysis
The data were input with Epidate 3.1 software. A Chisquare test examined differences in the prevalence stratified by gender, nationality, age and environmental factors. Multivariate logistic regression analyzed associations between housing characteristics and children's asthma, AR, eczema, symptoms of these diseases, and pneumonia, controlling for age, gender, nationality, parental allergic diseases, put bedding to sunshine and cleaning frequently. In all statistical analyses, two-tailed tests and a 5% significance level was applied. The analyses were performed by SPSS 11.5 
Results
Out of the 5650 invited children, 4618 children were recruited (response rate 81.7%) ( Table 2 ). The average age was 4.7±0.9 years, with boys accounting for 53.7%. The total prevalence of physician diagnosed asthma was 3.6%, and 25% of children reported wheezing in the last 12 months. More than 40% of children reported AR symptoms in the last 12 months and 8.7% were diagnosed with AR. A lower proportion of 13.0%, reported eczema symptoms in the last 12 months. Additionally, 41% of children had been diagnosed with pneumonia. Boys generally had higher prevalences of symptoms and diseases than girls, including wheezing ever, AR ever and rhinitis symptoms as well as diagnosed asthma, AR and pneumonia (Table 2) . Younger children had generally more symptoms than older ones. For example, 28.7% of the children in the youngest age group (2≤age<4 years) had wheezing in the last 12 months, higher than 24.7% in the older group (4≤age<5 years) and 21.8% in the oldest group (5≤age <7 years)(P<0.001). On the other hand, physician diagnosed asthma, AR and pneumonia were highest in the oldest age group. Additionally, the prevalence differences between Han and Minority people were small on eczema symptoms and diagnosed pneumonia. The Han children had higher prevalence of eczema ever (15.0% vs. 10.3%, P=0.001) and eczema symptoms (13.8% vs. 9.4%, P=0.001) in the last 12 months, as well as pneumonia (42.0% vs. 35.4%, P=0.001).
Most children (80.8%) lived in the urban areas in Urumqi and half of those were close to traffic, commercial or industrial areas (49.1%). More than half (54.4%) of the houses were constructed later than the year of 2001. Almost half of the people used either wood/bamboo or concrete/tiles as floor material, and very few used PVC (1.9%) or carpeting (3.7%). More than 80% of homes used electricity or gas as Multivariate logistic regression analyses were performed for housing characteristics and the home environment in relation to children's asthma or allergic diseases (Table 4) . Controlling for age, gender, nationality and parental asthma/AR/eczema, putting bedding to sunshine and home cleaning frequently (equal to or more than 1 time/week), consistent associations were found between home mold/ dampness (referred to without home mold/dampness) and wheezing (adjusted odds ratio, aOR 1.33, 95% CI 1.07-1.66), AR symptoms in the last 12 months (aOR 1.34, 95% CI 1.09-1.64) and physician diagnosed pneumonia (aOR 1.33, 1.09-1.62). Windowpane condensation in the The numerical data in sub-groups might not add to the total number of participating children due to missing data. Similarly, the proportional value (%) may not add to 100% due to missing data; b) minority people mainly include the Uygur ethnic people, Kazak and other unknown minorities; c) ETS, environmental tobacco smoke, refers to the cigarette smoking by people who live with the children. a) Logistic regression was performed by ENTER mode with all the environmental variables added in the model simultaneously, controlling for age, gender, nationality (the Han and minority) and parental asthma/allergic rhinitis (AR)/eczema, put beddings to sunshine and cleaning frequently; aOR, adjusted odds ratio; 12 m, in the last 12 months; AR, allergic rhinitis; DA, doctors' diagnosed asthma; DAR, doctors' diagnosed allergic rhinitis; DP, doctors' diagnosed pneumonia. aORs for environmental variables were calculated based on the reference variables: Live in urban vs. live in suburban/rural; close to traffic/industry/business vs. close to other areas including lake or river; own house vs. renting house; wood/PVC/carpeting floor vs. concrete/stone floor; Wallpaper/painting/wood wall vs. concrete/stone wall; central heating vs. non-central heating system including coal-burning stove, Kang (a heatable brick bed), fireplace, firebasin, floor heating or air conditioning; gas/electricity for cooking vs. coal/wood burning for cooking; home ETS vs. no home ETS; Current pet-keeping: yes vs. no; mold/dampness: yes vs. no; windowpane water condensation: yes vs. no; b) P<0.05; c) P<0.01; d) P<0.001.
winter was consistently associated with wheezing, dry cough and eczema symptoms in the last 12 months. In addition, compared to concrete/tiles or stone material, wood, PVC or carpeting floor material and wallpaper, painting or wood wall material, were positively associated with AR symptoms in the last 12 months. Children with central heating system had a higher prevalence of pneumonia (aOR 1.24,1.05-1.47) but less AR (aOR 0.84, 0.71-0.99) and eczema (aOR 0.64, 0.51-0.81). Home ETS was positively associated with wheezing (aOR 1.23, 1.04-1.46) in the last 12 months and pneumonia (aOR 1.25, 1.07-1.45).
Discussion
This cross-sectional study of pre-school (2-7 years) children in Urumqi, Xinjiang Uygur Autonomous Region, found that 3.6% had physician diagnosed asthma, 8.7% diagnosed AR and 40.9% had pneumonia. Home signs of mold or dampness and windowpane water condensation were positively associated with asthmatic and rhinitis symptoms. Compared with concrete or stone, wood material/ PVC/ wallpaper or painting in floors and walls were positively associated with rhinitis symptoms in the last 12 months. Use of central heating system, home ETS and home signs of mold or dampness were positively associated with children's pneumonia.
The Chinese national surveys on children's asthma in 1990 and 2000 including Urumqi, reported that the national average of diagnosed asthma in children aged 3-5 years old was 1.25% in 1990 and 2.32% in 2000 [2] . There have been few studies of asthma and related diseases in Urumqi preschool children. The study on 6-7 years children in 1995-1996 reported 7.6% "asthma ever" using the ISAAC questionnaire, lower than 10.7% in Beijing using the same questionnaire (P<0.05) [16] . However, how much was physician diagnosed asthma was unknown. A 2011 study in 8 Chinese metropolitan cities found the incidence of asthma (adjusted for age and gender) in children aged 6-13 years in the past 12 months was 1.6% in Urumqi, higher than for Xi'an (1.1%) and Hohhot (0.9%) but much lower than for Shanghai (7.0%) and Chengdu (4.6%) [17] . However, it is hard to compare the childhood asthma prevalence between different studies because different definitions of asthma were used and different age children were studied.
We found the prevalence of diagnosed AR of 7.8%, and that of AR reported symptoms in the past 12 months was more than 40%. Zhao et al. [16] reported 7.0% of AR in Urumqi 6-7 years children's in 1995-1996, compared to 5.3% in Beijing children, and the prevalence of AR symptoms, such as running or blocking nose without cold to be 31.3% in Urumqi, compared to the 30.0% prevalence in Beijing . For Urumqi 13-14 years children, Chen et al. [18] reported the prevalence of AR symptoms of 36.7%, just lower than that in Guangzhou (39.5%). A 2004 study in 11 Chinese cities conducted by telephone interview found Urumqi had the highest self-reported AR by 21.4% (age and gender adjusted) in the last 12 months, in which persistent AR, with higher symptom frequency and more severe symptoms, accounted for 36.1%, higher than the average 25.6% across the 11 cities [19] . It was argued that the Urumqi climate, which is arid, cold and windy, with a large temperature difference between day and night, is related with AR symptoms. The annual (1971-2000) average temperature was 7.5-8.2°C, and relative humidity was 58.2% and the total water precipitation was 286.3 mm. Finally, Artemisia Vulgaris, a known plant allergen, was found to be the allergen with the highest positive reaction rate in AR children by skin prick test. This study was performed in Shihezi City, close to Urumqi with similar climatic and ecological characteristics [20] .
Signs of home dampness and mold growth, as well as windowpane condensation in the winter season were consistently and positively associated with asthma, wheezing, dry cough, AR and eczema symptoms in the last 12 months. The aOR ranged from 1.3-1.7 after controlling for confounding factors. This finding was consistent with the cross-sectional study of 14077 Swedish children aged 1-6 years, which reported four "dampness" indices including visible molds and windowpane condensation were associated with children's asthma, rhinitis and eczema symptoms [21] . In China, Dong et al. [22] [23] [24] reported that signs in the home of water damage or visible mold on walls were positively associated with children's asthma symptoms in preschool children and elementary children in northeastern area of China. A recently published 10-year longitudinal study of adults in Uppsala, Sweden, found that signs of dampness in floor construction of any workplace building during follow up (cumulative exposure) were associated with incidence of mucosal symptoms (OR=2.43) including nasal catarrh, nasal obstruction, dryness in throat, sore throat or irritating cough [25] . Although the exact mechanism is unknown, it has been generally agreed that home mold or dampness is a risk factor for children's allergic diseases including asthma [26] [27] [28] [29] . On the other hand, a recently published longitudinal study from Sweden found that self reported dampness or mold could be biased, since the baseline findings of a strong association between dampness and allergies disappeared in the follow-up study 5 years later [30] . This could be due to reporting bias in a country (Sweden) where dampness/ mould is widely educated and known to be risk factors of asthma among population. Such bias is hardly the cause of the associations found in this study, as the general population has little prior knowledge about such an association.
Home decoration and building materials have been reported in relation with children's respiratory symptoms in different areas in the world [24, 31, 32] . In this study, floors surfaced by wood, PVC or carpeting (totally accounting for 44.7%); or walls surfaced by wood, wallpaper or painting (totally accounting for 80.7%), were common, and were both positively associated with children's AR symptoms in the last 12 months. Xinjiang Uygur Autonomous Region is undergoing a rapid economic development [3] . Residential buildings in 2010 accounted for 64.2% of the total yearly new completed construction areas. Organic chemicals including formaldehyde, volatile organic compounds (VOC) or semi-volatile organic compounds (SVOC) have been identified as compounds emitted from floors, walls or furniture made of artificial board or plastics. One study on the indoor formaldehyde level, possibly emitted from wooden floors, has found to be higher in asthmatic children's homes (average 30.2 μg/m 3 ) than for the control group (27.5 μg/m 3 ) in a study in Urumqi [33] . Another case-control study also found that home new decoration was a risk factor for children's asthmatic symptoms with OR of 1.74(1.57-2.64) [34] . How the real mechanisms for these organic compounders affect the AR symptoms needs to be further explored.
Diagnosed pneumonia is reported by around 41% of children in this study. Globally, pneumonia is the leading single cause of mortality in children aged less than 5 years, and China ranked the second highest in the estimated absolute number of new cases of clinical pneumonia with an incidence rate of 0.22 episode per child-year [35] . Indoor air pollution is a "definite" risk factor for childhood pneumonia [35] . In this study, use of central heating system, home ETS, signs of home mold/dampness and windowpane condensation, were all positively associated with diagnosed pneumonia. A large scale study covering all residents of 33 communities in central Vietnam reported that ETS was independently associated with hospital admissions for pneumonia (adjusted odds ratio 1.55, 95% CI 1.25 to 1.92) for children under 5 years old [36] . Experimental animal studies showed that tobacco smoke depresses the activities of alveolar macrophages, impairs mucociliary clearance, enhances bacterial adherence, disrupts the respiratory epithelium and decreases the serum Ig levels [37] . Thus, a significant relationship between ETS and childhood pneumonia is likely. In China, passive smoking has been considered as a risk factor associated with children's respiratory diseases, including pneumonia [38] . Home mold or dampness is potentially an indicator of microbiological pollution including bacteria, fungi or virus, as well as poor indoor ventilation. Respiratory infections are more common in this indoor environment [39] , which increases the risk of pneumonia [40] . The association between central heating system and pneumonia is difficult to explain. The lower indoor air ventilation by using the central heating system in winter season due to more window closing could be partly the explanation.
Additionally, central heating system was negatively associated with AR symptoms and eczema symptoms in the last 12 months as well as DAR. It is understandable due that this association was based on the comparison with other more polluting heating systems (coal-burning stove, Kang (a heatable brick bed), fireplace, firebasin, floor heating or air conditioning) which may produce complex chemicals or compounds during burning. Current pet-keeping was found to be negatively associated with children's pneumonia as well as for wheezing in the last 12 months. By further analyses, it showed that there was a higher proportions of pet avoidance behavior (get rid of pets due to allergic diseases) in homes with current pets keeping (9.0%, 11/122) than in homes without (3.45, 66/1941), which indicated the potential presence of "Healthy pet-keeping" effect [41] . Thus it is prudent to conclude pet-keeping was protective for these two health effects. Further deep research is needed to explore the possible mechanisms in the future.
Conclusions
In conclusion, high prevalence of asthmatic, AR symptoms and pneumonia in preschool children were found in Urumqi. Home signs of mold growth or dampness, windowpane condensation, as well as interior surface materials emitting chemicals and ETS were likely the risk factors. This is one of the few large-scale studies on childhood respiratory diseases in relation to home environment in Urumqi City. Further research including longitudinal follow-up study design is needed to verify and confirm the current findings. 
